



















































































































































































































































































































































































































































































































































































































































































































































DF	 AN	 DF	 AN	
1375	 1	 10	 4	 18906250	 7562500	 4.684800	
687.5	 2	 24	 9	 11343750	 4253906	 2.631600	
343.75	 4	 80	 20	 9453125	 2363281	 1.621872	
275		 5	 120	 30	 9075000	 2268750	 1.519680	
171.875	 8	 288	 81	 8507813	 2392822	 1.604208	
137.5	 10	 440	 110	 8318750	 2079688	 1.391280	
125	 11	 516	 132	 8062500	 2062500	 1.380280	
85.9375	 16	 1054	 272	 7784058	 2008789	 1.342656	
68.75	 20	 1617	 441	 7642852	 2084414	 1.372064	
62.5	 22	 1955	 506	 7636719	 1976563	 1.312704	
55	 25	 2522	 676	 7629050	 2044900	 1.317056	
42.96875	 32	 4216	 1122	 7784058	 2071564	 1.365120	
34.375	 40	 6468	 1722	 7642852	 2034785	 1.350016	
31.25	 44	 7774	 2070	 7591797	 2021484	 1.325424	


















































DF	 AN	 DF	 AN	
1375	 1	 10	 4	 18906250	 7562500	 12.000000000000	
687.5	 2	 24	 9	 11343750	 4253906	 4.500000000000	
343.75	 4	 80	 20	 9453125	 2363281	 1.875000000000	
275		 5	 120	 30	 9075000	 2268750	 1.776000000000	
171.875	 8	 288	 81	 8507813	 2392822	 1.757812500000	
137.5	 10	 440	 110	 8318750	 2079688	 1.518000000000	
125	 11	 516	 132	 8062500	 2062500	 1.451540195342	
85.9375	 16	 1054	 272	 7784058	 2008789	 1.361328125000	
68.75	 20	 1617	 441	 7642852	 2084414	 1.375500000000	
62.5	 22	 1955	 506	 7636719	 1976563	 1.308978211871	
55	 25	 2522	 676	 7629050	 2044900	 1.344512000000	
42.96875	 32	 4216	 1122	 7784058	 2071564	 1.348876953125	
34.375	 40	 6468	 1722	 7642852	 2034785	 1.308562500000	
31.25	 44	 7774	 2070	 7591797	 2021484	 1.293858001503	
27.5	 50	 9984	 2652	 7550400	 2005575	 1.280448000000	
25	 55	 12027	 3135	 7516875	 1959375	 1.249460555973	
21.484375	 64	 15990	 4225	 7380638	 1950169	 1.240272521972	






















































































































































































































































values	in	each	block,	the	best-fit	equation	of	an	elliptic	paraboloid	in	the	form	𝑧 = 𝐶c𝑥4 +𝐶4𝑦4 + 𝐶f𝑥𝑦 + 𝐶g𝑥 + 𝐶h𝑦 + 𝐶i,	where	𝐶Z 	is	a	constant	for	𝑖 ∈ 1,2,3,4,5,6 ,	with	respect	to	the	
SOM	X	and	SOM	Y	coordinates	of	the	pixels.		
The	polynomial	interpolation	used	here	and	throughout	this	project	can	be	termed	the	
method	of	least-squares	2nd	degree	polynomials.	For	the	case	above,	given	the	datasets	𝑥c, 𝑦c ,	 𝑥4, 𝑦4 ,	…,	 𝑥M, 𝑦M ,	where	𝑛 > 6,		𝑥Z 	represent	SOM	X	coordinates,	and	𝑦Z 	represent	
SOM	Y	coordinates,	and	the	dataset	𝑧Z 	which	represent	either	the	reported	latitude	or	
longitude	values,	the	best-fit	polynomial	𝑓 𝑥, 𝑦 = 𝐶c𝑥4 + 𝐶4𝑦4 + 𝐶f𝑥𝑦 + 𝐶g𝑥 + 𝐶h𝑦 + 𝐶i	has	
the	least-squares	error	from	𝑧Z 	when	 𝑧Z − 𝑓(𝑥Z, 𝑦Z) 4MZqc = 𝑧Z − 𝐶c𝑥Z4 + 𝐶4𝑦Z4 +MZqc𝐶f𝑥Z𝑦Z + 𝐶g𝑥Z + 𝐶h𝑦Z + 𝐶i 4	is	minimized.	This	means	that,	for	each	unknown	coefficient	𝐶Z,	
the	function	yields	the	first	derivative	equal	to	zero.			
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𝑥Z4 𝑧Z − 𝐶c𝑥Z4 + 𝐶4𝑦Z4 + 𝐶f𝑥Z𝑦Z + 𝐶g𝑥Z + 𝐶h𝑦Z + 𝐶iMZqc = 0	
𝑦Z4 𝑧Z − 𝐶c𝑥Z4 + 𝐶4𝑦Z4 + 𝐶f𝑥Z𝑦Z + 𝐶g𝑥Z + 𝐶h𝑦Z + 𝐶iMZqc = 0	
𝑥Z𝑦Z 𝑧Z − 𝐶c𝑥Z4 + 𝐶4𝑦Z4 + 𝐶f𝑥Z𝑦Z + 𝐶g𝑥Z + 𝐶h𝑦Z + 𝐶iMZqc = 0	
𝑥Z 𝑧Z − 𝐶c𝑥Z4 + 𝐶4𝑦Z4 + 𝐶f𝑥Z𝑦Z + 𝐶g𝑥Z + 𝐶h𝑦Z + 𝐶iMZqc = 0	
𝑦Z 𝑧Z − 𝐶c𝑥Z4 + 𝐶4𝑦Z4 + 𝐶f𝑥Z𝑦Z + 𝐶g𝑥Z + 𝐶h𝑦Z + 𝐶iMZqc = 0	
𝑧Z − 𝐶c𝑥Z4 + 𝐶4𝑦Z4 + 𝐶f𝑥Z𝑦Z + 𝐶g𝑥Z + 𝐶h𝑦Z + 𝐶iMZqc = 0	
Expanding	the	above	equations,	we	get:	
𝑥Z4𝑧ZMZqc = 𝐶c 𝑥ZgMZqc + 𝐶4 𝑥Z4𝑦Z4MZqc + 𝐶f 𝑥Zf𝑦ZMZqc + 𝐶g 𝑥ZfMZqc + 𝐶h 𝑥Z4𝑦ZMZqc + 𝐶i 𝑥Z4MZqc 	
𝑦Z4𝑧ZMZqc = 𝐶c 𝑥Z4𝑦Z4MZqc + 𝐶4 𝑦ZgMZqc + 𝐶f 𝑥Z𝑦ZfMZqc + 𝐶g 𝑥Z𝑦Z4MZqc + 𝐶h 𝑦ZfMZqc + 𝐶i 𝑦Z4MZqc 	
𝑥Z𝑦Z𝑧ZMZqc = 𝐶c 𝑥Zf𝑦ZMZqc + 𝐶4 𝑥Z𝑦ZfMZqc + 𝐶f 𝑥Z4𝑦Z4MZqc + 𝐶g 𝑥Z4𝑦ZMZqc + 𝐶h 𝑥Z𝑦Z4MZqc + 𝐶i 𝑥Z𝑦ZMZqc 	
𝑥Z𝑧ZMZqc = 𝐶c 𝑥ZfMZqc + 𝐶4 𝑥Z𝑦Z4MZqc + 𝐶f 𝑥Z4𝑦ZMZqc + 𝐶g 𝑥Z4MZqc + 𝐶h 𝑥Z𝑦ZMZqc + 𝐶i 𝑥ZMZqc 	
𝑦Z𝑧ZMZqc = 𝐶c 𝑥Z4𝑦ZMZqc + 𝐶4 𝑦ZfMZqc + 𝐶f 𝑥Z𝑦Z4MZqc + 𝐶g 𝑥Z𝑦ZMZqc + 𝐶h 𝑦Z4MZqc + 𝐶i 𝑦ZMZqc 	
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value,	the	voxel	is	determined	cloudy.	In	other	words,	if	𝐿 𝑡 = 𝑥, 𝑦, 𝑧 + 𝑡 𝑢, 𝑣, 𝑤 	is	the	
vector	equation	of	the	cast	ray	where	 𝑥, 𝑦, 𝑧 	is	the	3-D	Cartesian	coordinates	of	the	pixel’s	
geolocation,	 𝑢, 𝑣, 𝑤 	the	ray	vector,	and	 𝑥c, 𝑦c, 𝑧c 	the	Cartesian	coordinates	of	the	voxel	
center,	than	the	voxel	is	determined	cloudy	if	𝑑4 ≤ 𝑑4 ,	where	𝑑4 	is	the	distance	threshold	
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squared,	and	𝑑4	is	the	distance	squared	between	the	ray	and	the	voxel	center	calculated	as	𝑑4 = 𝑥 + 𝑡𝑢 − 𝑥c 4 + 𝑦 + 𝑡𝑣 − 𝑦c 4 + 𝑧 + 𝑡𝑤 − 𝑧c 4,	where	𝑡 =












ellipsoid,	the	voxel	boundaries	are	defined	in	either	a	plane	of	the	form	𝐴𝑥 + 𝐵𝑦 + 𝐶𝑧 = 𝐷	or	
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Method	 DTH	 VBI	 DTH	 VBI	
Wind	Correction	 5.2641	x	1012	 6.6620	x	1012	 3.5648	x	1012	 3.8390	x	1012	






















































































Method	 DTH	 VBI	 DTH	 VBI	
Wind	Correction	 5.9462	x	1012	 8.8245	x	1012	 3.8291	x	1012	 4.1684	x	1012	






















































































Method	 DTH	 VBI	 DTH	 VBI	
Wind	Correction	 2.1662	x	1011	 3.3641	x	1011	 1.0213	x	1011	 1.1833	x	1011	
No	Wind	Correction	 1.3809	x	1011	 2.1096	x	1011	 1.4849	x	1010	 2.1837	x	1010	
	
The	same	tendencies	as	in	Table	3.1	and	Table	3.2	are	observed	in	Table	3.3.	The	VBI	
results	tend	to	overestimate	the	cloud	volume	relative	to	the	DTH	results.	The	RCCM	results	
tend	to	overestimate	more	than	the	custom	cloud	mask	results.	The	results	with	wind	
correction	(cloud	thickening)	tend	to	overestimate	more	than	the	results	without	wind	
correction.		
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Chapter	4.	Discussion	and	Conclusion	
4.1.	Validation	
The	validation	of	the	results	remains	a	significant	challenge.	First,	unlike	the	reconstruction	
simulations	with	synthetic	data	where	the	truth	is	already	known,	in	the	reconstructions	from	
MISR’s	observation	data	the	truth	is	unknown.	The	exact	3-D	distribution	of	clouds	in	the	
selected	locations	and	times	in	the	real	world	are	unknown.	Although	there	are	other	sorts	of	
observation	data	such	as	ground-based	radar	observations	and	other	space-based	satellite	
instruments	data,	the	same	problem	persists,	because	those	data	contain	their	own	
uncertainties	which	lead	to	the	lack	of	well	agreed-upon	truth	for	the	cloud	in	their	products,	
including	their	cloud	masks.	This	is	largely	due	to	the	fact	that	there	is	a	lack	of	quantitative	
definition	of	what	cloud	is.	As	Di	Girolamo	&	Davies	once	put,	“the	definition	of	cloud	is	based	
on	instrument	and	algorithm	performance”,	and	this	“contributes	to	a	large	variance	in	
estimated	cloud	fraction	by	different	instruments	and	algorithms”	(Di	Girolamo	&	Davies,	
1997).			
Besides,	the	current	American	Meteorological	Society	(AMS)	glossary	defines	cloud	as	“a	
visible	aggregate	of	minute	water	droplets	and/or	ice	particles	in	the	atmosphere	above	the	
earth's	surface”	(http://glossary.ametsoc.org/wiki/Cloud,	accessed	December	9,	2017).	Notice	
how	it	says	“visible”,	the	word	that	is	largely	associated	with	the	human	eye.	Hence,	the	most	
reliable	method	of	validation	for	cloud	may	be	the	eyeball	test	through	mental	reconstructions.	
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This	method	poses	several	problems,	however,	such	as	that	the	human	mental	reconstruction	is	
not	quantitatively	precise,	and	lacks	the	automated	process	of	checking	multiple	scenes	in	a	
short	amount	of	time.		
Many	of	the	studies	mentioned	in	Chapter	1	employed	simulating	the	atmospheric	
radiative	transfer	from	LES	cloud	fields	and	retrieving	synthetic	radiance	or	radar	data,	with	
which	they	evaluated	their	reconstruction	algorithms	by	comparing	the	reconstruction	outputs	
and	the	original	cloud	fields.	A	similar	validation	method	could	have	been	employed	in	this	
project	as	well,	if	the	correct	simulation	methods	were	developed	for	MISR	radiance	retrievals	
and	the	creations	of	the	RCCM	and	relevant	cloud	mask	products.	Still,	the	approach	used	in	
Section	2.2	on	the	simplified	clouds	provide	some	understanding	of	what	bias	to	expect	in	the	
reconstruction	under	the	assumption	of	perfect	cloud	detection.		
4.2.	Implications	of	Current	Results	
Several	possible	implications	of	the	reconstruction	results	are	as	follows.	First,	provided	that	
they	go	through	sufficient	and	proper	validations	and	become	refined	with	further	adjustments,	
the	results	could	be	used	to	study	the	cloud	distribution	of	a	select	geographical	location	for	a	
climatological	period	of	time,	thanks	to	MISR’s	long-lasting	operation	of	17	years	and	likely	
more.	Such	studies	could	lead	to	understanding	the	role	of	cloud	in	the	radiation	budget	of	the	
local	geography.		
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	 Second,	the	overall	clear	difference	in	the	precision	of	the	reconstructed	volumes	
between	the	RCCM	and	the	custom	cloud	masks	suggest	that	there	is	a	need	to	move	towards	a	
275	m	cloud	mask	for	MISR.		
Third,	once	the	reconstruction	program	is	extensively	used	to	generate	and	accumulate	
results	for	many	different	real-world	cloud	scenes,	the	collection	of	such	data	could	be	used	to	
test	the	realism	of	the	geometry	of	clouds	produced	in	LES	simulated	models	and	cloud	
resolving	models.		
Lastly,	the	results	could	be	useful	in	providing	the	initial	guess	for	future	tomographic	
research	involving	MISR,	such	as	the	paper	by	Levis	et	al.	(2015).	The	tomography	is	a	newly	
emerging	field	in	3-D	reconstruction	of	the	microphysical	properties	of	atmospheric	
constituents	from	observational	data,	and,	when	applied	to	cloud,	could	be	useful	in	improving	
the	understanding	of	the	role	of	cloud	in	weather	and	climate.		
4.3.	Limitations	
There	are	a	few	limitations	that	need	to	be	noted	with	regard	to	the	MISR	cloud	volume	
reconstruction	results.	First,	due	to	the	reconstruction	method’s	nature	of	overestimating	the	
cloud,	especially	those	that	horizontally	stretch	out,	the	application	is	limited	to	vertically	well-
developed	cumulus	cloud	regions	that	have	been	manually	selected.	This	means	that	the	
operationalization	of	the	reconstruction	program	for	all	available	MISR	scenes	is	unlikely,	unless	
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a	technique	such	as	a	properly	trained	machine	learning	algorithm	is	developed	for	recognizing	
applicable	scenes.			
Next,	within	the	methodology	of	this	reconstruction,	there	have	been	made	some	
assumptions	that	could	introduce	new	errors	and	uncertainties,	such	as	the	those	in	the	
altitudinal	axis	(Section	2.4)	and	in	cloud	thickening	for	wind	correction	(Section	2.7),	The	MISR	
science	products	involved	in	the	reconstructions	also	contain	their	own	ranges	of	errors	and	
uncertainties.	All	these	could	have	contributed	to	results	that	are	further	from	the	reality	of	the	
actual	cloud	geometry.		
4.4.	Summary	
The	goal	of	this	project	was	to	reconstruct	the	cloud	volumes	from	select	MISR	data.	After	
simulations	were	performed	with	a	handful	of	synthetic	cloud	volumes	for	the	validation	and	
the	analysis	of	the	expected	outcomes	of	the	reconstruction	method,	a	series	of	algorithms	
including	the	ray	casting	were	explored	to	achieve	cloud	volume	reconstructions	from	cloud	
masks	generated	from	MISR	data,	namely	the	RCCM	and	the	custom	cloud	masks.	Although	the	
reconstruction	program	has	been	run	on	many	different	MISR	scenes,	three	have	been	chosen	
to	be	presented	in	this	thesis,	namely	Orbit	36649	Block	83,	Orbit	19726	Block	86,	and	Orbit	
01181	Block	91.	The	results	were	agreeable	to	the	human	eye,	although	further	research	with	
regard	to	proper,	quantitative	methods	of	validation	are	still	in	need.		
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4.5.	Future	Work		
Possible	future	works	include	applying	data	other	than	MISR	to	improve	the	details	of	the	
reconstructed	volumes.	One	is	to	make	use	of	re-analyses	data,	as	proposed	in	Section	2.1,	to	
use	the	reported	lifting	condensation	level	as	the	cloud	top	height	to	reduce	the	overestimation	
at	the	bottom	of	the	cloud.	Another	is	to	make	use	of	an	instrument	that	has	a	better	
resolution	and	is	on	board	the	same	satellite	platform	as	MISR,	namely	the	Advanced	
Spaceborne	Thermal	Emission	and	Reflection	Radiometer	(ASTER).	ASTER	looks	at	the	same	
scene	as	MISR	at	all	times	but	at	the	instrument	resolution	of	15	m	with	two	view	angles.	
ASTER’s	high	resolution	data	could	be	used	to	refine	the	reconstructed	volumes	and	generate	
better	results.		
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Appendix	A.	Explanation	for	MATLAB	Codes	
This	appendix	explains	the	MATLAB	codes	used	throughout	this	thesis	project.	All	codes	were	
written	to	run	on	MATLAB	Version	R2016b.	For	the	actual	codes,	refer	to	Appendix	B.		
A.1.	MISR	Simulation	Codes	
This	section	explains	the	MATLAB	codes	used	for	MISR	simulations	described	in	Section	2.2.		
• MISRsimulation.m	is	the	ground	script	for	all	functions	and	commands	performed	for	MISR	
simulations.	It	includes	user-defined	functions	written	to	perform	a	variety	of	necessary	
calculations,	and	the	command	lines	for	plotting	several	figures	shown	in	Section	2.2.	
• MISRsimulation_imgform.m	is	the	function	code	for	the	image	formation	in	the	MISR	
simulations.		
It	takes	as	inputs	a	3-D	array	of	synthetic	cloud,	a	three-entry	array	of	initial	
cloud	voxel	size,	a	1-D	array	of	view	angles,	a	scalar	representing	designated	satellite	
height,	a	3x(view	angle	array	size)	zero	matrix	representing	the	Cartesian	coordinates	of	
the	focus	point	of	each	view	angle	camera,	and	a	two-entry	array	of	designated	pixel	
size	for	the	output	synthetic	satellite	images.		
It	returns	a	3-D	array	of	a	set	of	synthetic	cloud	masks	for	every	view	angle,	and	
a	three-entry	array	representing	the	pixel	numbers	of	the	output	cloud	masks.		
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• MISRsimulation_reconPlane.m	and	MISRsimulation_reconPlane2.m	are	the	function	codes	
for	the	reconstruction	of	3-D	cloud	volumes	from	the	outputs	of	the	image	formation	in	the	
MISR	simulations.		
Both	take	as	inputs	the	synthetic	cloud	masks	from	image	formation,	the	array	of	
view	angles	and	the	scalar	of	satellite	height,	a	scalar	of	designated	maximum	possible	
cloud	top	height,	the	array	of	camera	focus,	and	a	two-entry	array	of	pixel	size	of	the	
input	cloud	masks.	In	addition,	MISRsimulation_reconPlane	takes	a	three-entry	array	of	
designated	voxel	numbers	(in	SOM_X,	SOM_Y,	and	the	altitudinal	axis)	of	the	output	
cloud	volume,	while	MISRsimulation_reconPlane2	takes	a	three-entry	array	of	
designated	voxel	size	of	the	output	cloud	volume.		
Both	return	a	3-D	array	of	output	reconstructed	cloud	volume,	and	a	4-D	array	
containing	a	reconstructed	ray-track	volume	for	each	view	angle.	In	addition,	
MISRsimulation_reconPlane	returns	a	three-entry	array	of	voxel	size	of	the	output	cloud	
volume,	calculated	from	the	input	voxel	numbers,	the	input	pixel	size,	and	the	pixel	
numbers	of	the	input	cloud	masks.		
• MISRsimulation_compareOrgRecon.m	is	the	function	code	that	calculates	the	volumetric	
difference	between	the	original	cloud	and	the	reconstructed	cloud.	It	takes	as	inputs	the	
original	synthetic	cloud	volume	and	the	original	voxel	size,	and	the	reconstructed	cloud	
volume	and	its	voxel	size.	It	returns	a	scalar	of	the	overestimation	factor.	
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A.2.	MISR	RCCM	Reconstruction	Codes	
This	section	explains	the	MATLAB	codes	used	in	the	MISR	cloud	volume	reconstruction	from	the	
RCCM	for	Orbit	36649	Block	83,	discussed	in	Chapters	2	and	3.		
• MISR_Reconstruction_P100_O036649_RCCM.m	is	the	ground	script	for	all	functions	and	
commands	performed	for	MISR	cloud	volume	reconstructions	from	RCCM	images.	It	
includes	user-defined	functions	written	to	perform	a	variety	of	necessary	calculations,	and	
the	command	lines	for	plotting	several	figures	shown	in	Chapter	3.	
• MISRreadRCCMcloud.m	is	the	function	code	for	reading	in	the	RCCM	“Cloud”	variables	
from	the	HDF	files.	It	takes	as	input	an	array	of	characters	containing	the	relevant	HDF	file	
address	(for	one	view	angle),	and	returns	a	3-D	array	of	2-D	RCCM	for	all	blocks,	and	a	2-D	
array	of	an	RCCM	strip	for	the	entire	orbit.	
• MISRinterpolateVA.m	is	the	function	code	for	interpolating	the	MISR	viewing	zenith	and	
azimuth	variables	to	match	the	dimensions	of	the	RCCM	variables.		
It	takes	as	inputs	a	(180x8x32)	array	of	viewing	zenith	from	MISR	Geometric	
Parameters,	a	(180x8x32)	array	of	viewing	azimuth,	and	a	(2x180x128x512)	array	of	
GeoLatitude	and	GeoLongitude	for	each	pixel	for	all	blocks.		
It	returns	a	binary	(1x180)	array	indicating	which	block	is	valid	for	interpolation,	
a	(2x180x6)	array	containing	polynomial	interpolation	coefficients	for	“local_x”	and	
“local_y”	for	all	blocks,	and	two	(180x128x512)	arrays	containing	interpolated	zenith	
and	azimuth	values.	It	also	prints	two	different	types	of	error	analyses	for	the	
interpolation	results	for	each	block	valid	for	interpolation.		
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• MISRCloudThickening_forRCCM.m	is	the	function	code	for	wind	correction	(cloud	
thickening)	of	the	orbit’s	RCCM.		
It	takes	as	inputs	a	(2x180x8x32)	array	of	“wind”	consisting	of	reported	
northward	cloud	motion	and	eastward	cloud	motion,	a	(9x180x128x512)	array	of	RCCM	
Cloud,	and	a	3-D	array	of	characters	for	every	block’s	reference	time	for	all	nine	view	
angles.		
It	returns	a	1-D	array	of	block	numbers	reasonable	for	reconstruction	
(determined	by	the	threshold	value	arbitrarily	chosen	within	the	code),	a	1-D	array	of	
cloud	boundary	thickness	addition	number	(explained	in	the	code)	with	respect	to	the	
present	block’s	AN	time,	and	three	(9x180x128x512)	arrays	with	each	representing	the	
cloud-thickened	RCCM	with	respect	to	either	the	previous,	present	or	next	block’s	AN	
time.		
• MISRreconEllip_forRCCMcrop_DTH.m	is	the	function	code	for	reconstructing	a	cloud	
volume	for	a	cropped	local	region	within	the	selected	RCCM	block	using	the	distance	
threshold	(DTH)	method.		
It	takes	as	inputs	a	scalar	for	the	selected	block	number,	a	scalar	for	the	pixel	
division	factor,	a	scalar	for	the	altitudinal	voxel	length,	a	four-entry	array	of	the	indices	
for	the	cropped	region	within	the	block,	a	scalar	for	the	confidence	level,	three	
(9x180x128x512)	arrays	of	RCCM	cloud-thickened	with	respect	to	the	AN	times	of	next,	
present,	and	previous	blocks,	a	(2x180x128x512)	array	of	GeoLatitudes	and	
GeoLongitudes,	a	(2x9x180x128x512)	array	of	the	interpolated	viewing	zenith	and	
azimuth,	and	a	(180x128x512)	array	of	cloud	top	height.		
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It	returns	a	3-D	array	of	output	cloud	volume	with	cloud	top	height	applied,	the	
same-size	array	without	the	cloud	top	height	applied,	and	a	4-D	array	of	ray-track	cloud	
volumes	for	all	nine	view	angles.		
• MISRreconEllip_forRCCMcrop_VBI.m	is	the	function	code	for	reconstructing	a	cloud	
volume	for	a	cropped	local	region	within	the	selected	RCCM	block	using	the	voxel	boundary	
intersections	(VBI)	method.		
It	takes	as	inputs	a	scalar	for	the	selected	block	number,	a	scalar	for	the	pixel	
division	factor,	a	scalar	for	the	altitudinal	voxel	length,	a	four-entry	array	of	the	indices	
for	the	cropped	region	within	the	block,	a	scalar	for	the	confidence	level,	three	
(9x180x128x512)	arrays	of	RCCM	cloud-thickened	with	respect	to	the	next,	present,	and	
previous	blocks,	a	(2x180x128x512)	array	of	GeoLatitudes	and	GeoLongitudes,	a	
(2x9x180x128x512)	array	of	the	interpolated	viewing	zenith	and	azimuth,	and	a	
(180x128x512)	array	of	cloud	top	height.		
It	returns	a	3-D	array	of	output	cloud	volume	with	cloud	top	height	applied,	the	
same-size	array	without	the	cloud	top	height	applied,	and	a	4-D	array	of	ray-track	cloud	
volumes	for	every	view	angle.		
• MISRplotRCCM.m	is	the	function	code	for	plotting	an	RCCM	image.	It	takes	as	input	a	2-D	
array	with	entries	of	RCCM	Cloud	confidence	levels,	and	plots	a	figure	showing	the	input	
RCCM	image	in	a	chosen	set	of	colors.	
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A.3.	MISR	Custom	Cloud	Mask	Reconstruction	Codes	
This	section	explains	the	MATLAB	codes	used	in	the	MISR	cloud	volume	reconstruction	from	the	
custom	cloud	masks	for	Orbit	36649	Block	83,	discussed	in	Chapters	2	and	3.	
• MISR_Reconstruction_P100_O036649_CustomCloudMaskCrop.m	is	the	ground	script	for	
all	functions	and	commands	performed	for	MISR	cloud	volume	reconstruction	from	the	
custom	cloud	masks	for	Orbit	36649	Block	83.	It	includes	user-defined	functions	written	to	
perform	a	variety	of	necessary	calculations,	and	the	command	lines	for	plotting	several	
figures	shown	in	Chapter	3.	
• MISRinterpolateLatLong_forCCM_BlockPPN.m	is	the	function	code	for	interpolating	the	
MISR	GeoLocation	variables	to	match	the	dimensions	of	the	custom	cloud	masks.		
It	takes	as	inputs	a	scalar	for	the	chosen	block	number,	and	a	(2x180x128x512)	
array	of	GeoLatitude	and	GeoLongitude	for	each	pixel	for	all	blocks.		
It	returns	a	(2x3x6)	array	containing	the	polynomial	interpolation	coefficients	for	
the	GeoLatitude	and	GeoLongitude	for	the	chosen	block,	its	previous,	and	its	next,	and	a	
(2x3x512x2048)	array	containing	the	interpolated	GeoLatitude	and	GeoLongitude	
values.	It	also	prints	the	error	analyses	results	for	the	interpolations.		
• MISRinterpolateRGBNIR_BlockPPN.m	is	the	function	code	for	interpolating	the	MISR	Non-
AN	green,	blue,	and	Near	IR	variables	to	match	the	dimensions	of	the	red	radiance	variables	
and	custom	cloud	masks.	The	bilinear	interpolation	is	used.		
It	takes	as	inputs	a	scalar	for	the	chosen	block	number,	a	179-entry	array	of	
offsets	for	blocks	at	(128x512)	pixel	numbers,	a	(180x512x2048)	array	of	red	radiance,	
and	three	(180x128x512)	arrays	of	green,	blue,	and	Near	IR	radiance.	
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It	returns	four	(3x512x2048)	arrays	of	interpolated	red,	green,	blue,	and	Near	IR	
radiance	for	the	chosen	block,	its	previous,	and	its	next.		
• MISRinterpolateVA_forCCM_BlockPPN.m	is	the	function	code	for	interpolating	the	MISR	
viewing	zenith	and	azimuth	variables	to	match	the	dimensions	of	the	custom	cloud	mask	
variables.		
It	takes	as	inputs	a	scalar	for	the	chosen	block	number,	a	(180x8x32)	array	of	
viewing	zenith	from	MISR	Geometric	Parameters,	a	(180x8x32)	array	of	viewing	
azimuth,	a	(2x180x128x512)	array	of	GeoLatitude	and	GeoLongitude	from	MISR	
Ancillary	Geographic	Product,	and	a	(2x3x512x2048)	array	of	interpolated	GeoLatitudes	
and	GeoLongitudes	for	the	previous,	present,	and	the	next	blocks.		
It	returns	two	(3x512x2048)	arrays	containing	interpolated	zenith	and	azimuth	
values.	It	also	prints	two	different	types	of	error	analyses	for	the	interpolation	results	
for	each	of	the	three	blocks.		
This	function	code	is	overall	similar	to	the	function	code	MISRinterpolateVA.m	in	
Section	A.2,	except	that	it	is	interpolating	the	specific	input	block,	its	previous,	and	its	
next.	
• MISRcreateCCM.m	is	the	function	code	for	creating	the	custom	cloud	masks	(CCM)	from	
the	RGB	images.		
It	takes	as	inputs	a	scalar	for	the	chosen	block	number,	a	179-entry	array	of	block	
offsets	at	(512x2048)	pixel	numbers,	a	(9x3x512x2048)	array	of	red	radiance	for	all	view	
angles	and	for	the	previous,	present	(chosen),	and	next	blocks,	and	three	
	 116	
(9x3x512x2048)	arrays	of	interpolated	blue,	green,	and	Near	IR	radiance	for	all	view	
angles	and	for	the	three	blocks	previously	listed.		
It	returns	a	(9x3x512x2048)	array	of	custom	cloud	masks,	a	(9x3x512x2048)	array	
of	cloud	mask	form	Whiteness	Deviation	Threshold	(WTH)	Method,	a	(9x3x512x2048)	
array	of	cloud	mask	form	Red	Channel	Threshold	(RCT)	Method,	a	nine-entry	array	of	
WTH	values	used,	and	a	nine-entry	array	of	RCT	values	used.			
This	function	provides	two	modes	of	CCM	creation.	The	first	is	the	visual	test,	
whereby	the	input	threshold	values	are	instantaneously	applied	and	the	consequent	
cloud	masks	are	shown	for	the	user	to	visually	compare	with	the	RGB	images,	until	the	
inputs	are	adjusted	to	the	right	values.	The	second	is	the	simple	inputting	of	arrays,	
whereby	arrays	of	threshold	values	can	be	manually	entered	to	derive	the	final	output	
cloud	masks.		
• MISRcropInputImgAndCloudThickening.m	is	the	function	code	for	cropping	a	local	region	
for	reconstruction	and	performing	cloud	thickening	on	the	selected	block’s	custom	cloud	
masks.		
It	takes	as	inputs	a	scalar	for	the	chosen	block	number,	a	179-entry	array	of	block	
offsets	at	(512x2048)	pixel	numbers,	a	3-D	array	of	characters	for	every	block’s	
reference	time	for	all	nine	view	angles,	a	(2x3x512x2048)	array	of	northward	and	
eastward	cloud	motions	for	the	previous,	present,	and	next	(PPN)	blocks,	a	
(2x9x3x512x2048)	array	of	interpolated	viewing	zenith	and	azimuth	for	PPN	blocks,	four	
(9x3x512x2048)	arrays	of	interpolated	red,	green,	blue,	and	near	IR	radiance	variables	
for	PPN	blocks,	and	a	(9x3x512x2048)	array	of	the	custom	cloud	masks.		
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It	returns	a	four-entry	array	of	the	cropped	region’s	indices	within	the	chosen	
block,	a	4-D	array	of	RGB	radiance	for	the	cropped	region	at	all	nine	view	angles,	a	3-D	
array	of	the	cropped	custom	cloud	mask,	a	3-D	array	of	the	cropped	cloud-thickened	
custom	cloud	mask,	the	same-size	arrays	as	the	last	three	but	of	the	ray	casting	domain	
of	the	cropped	region,	and	a	(9x3x512x2048)	array	of	the	cloud-thickened	custom	cloud	
masks.	
This	function	offers	two	methods	for	cropping	a	local	region.	The	first	is	the	
visual	selection	of	a	box	over	the	AN	custom	cloud	mask,	and	the	second	is	the	manual	
input	of	an	array	of	cropped	region’s	indices	within	the	block.		
• MISRreconEllip_forCCMcrop_DTH.m	is	the	function	code	for	reconstructing	a	cloud	volume	
for	a	cropped	local	region	within	the	selected	block	from	the	custom	cloud	masks	using	the	
distance	threshold	(DTH)	method.		
It	takes	as	inputs	a	scalar	for	the	selected	block	number,	a	scalar	for	the	pixel	
division	factor,	a	scalar	for	the	altitudinal	voxel	length,	a	four-entry	array	of	the	indices	
for	the	cropped	region	within	the	block,	a	3-D	array	of	cloud-thickened	custom	cloud	
masks	of	the	ray	casting	domain	for	all	view	angles,	a	179-entry	array	of	block	offsets	at	
(512x2048)	pixel	numbers,	a	(2x9x3x512x2048)	array	of	interpolated	viewing	zenith	and	
azimuth	for	the	chosen	block,	its	previous,	and	its	next,	a	(2x3x512x2048)	array	
containing	the	interpolated	GeoLatitude	and	GeoLongitude	values	for	the	three	blocks,	
and	a	(180x512x2048)	array	of	cloud	top	height	for	all	blocks.		
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It	returns	a	3-D	array	of	output	cloud	volume	with	cloud	top	height	applied,	the	
same-size	array	without	the	cloud	top	height	applied,	and	a	4-D	array	of	ray-track	cloud	
volumes	for	all	nine	view	angles.	
• MISRreconEllip_forCCMcrop_VBI.m	is	the	function	code	for	reconstructing	a	cloud	volume	
for	a	cropped	local	region	within	the	selected	block	from	the	custom	cloud	masks	using	the	
voxel	boundary	intersections	(VBI)	method.		
It	takes	as	inputs	a	scalar	for	the	selected	block	number,	a	scalar	for	the	pixel	
division	factor,	a	scalar	for	the	altitudinal	voxel	length,	a	four-entry	array	of	the	indices	
for	the	cropped	region	within	the	block,	a	scalar	for	the	confidence	level,	a	3-D	array	of	
cloud-thickened	custom	cloud	masks	of	the	ray	casting	domain	for	all	view	angles,	a	
179-entry	array	of	block	offsets	at	(512x2048)	pixel	numbers,	a	(2x9x3x512x2048)	array	
of	interpolated	viewing	zenith	and	azimuth	for	the	chosen	block,	its	previous,	and	its	
next,	a	(2x3x512x2048)	array	containing	the	interpolated	GeoLatitude	and	
GeoLongitude	values	for	the	three	blocks,	and	a	(180x512x2048)	array	of	cloud	top	
height	for	all	blocks.		
It	returns	a	3-D	array	of	output	cloud	volume	with	cloud	top	height	applied,	the	
same-size	array	without	the	cloud	top	height	applied,	and	a	4-D	array	of	ray-track	cloud	
volumes	for	all	nine	view	angles.		
• MISRplotRGB.m	is	the	function	code	for	plotting	a	MISR	RGB	image.	It	takes	as	inputs	a	
scalar	of	the	view	angle	number	(1	to	9),		a	scalar	of	the	chosen	block	number	or	index,	and	
three	same-size	4-D	arrays	of	red,	green,	and	blue	radiance	data	for	all	nine	view	angles,	
and	plots	a	figure	showing	the	input	RGB	image.	
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A.4.	Commonly	Used	Codes		
This	section	explains	the	MATLAB	codes	commonly	used	in	the	MISR	cloud	volume	
reconstructions	described	in	Chapters	2	and	3.		
• MISR_	MISRsimulation_viscloud.m	and	MISRvis3Dcloud.m	is	the	function	code	for	plotting	
(visualizing)	a	3-D	cloud	volume	with	its	corresponding	voxel	size.	It	takes	as	inputs	a	3-D	
array	of	cloud	volume,	a	three-entry	array	of	voxel	size,	and	an	array	of	characters	of	
designated	plot	title.	It	returns	a	MATLAB	figure	with	the	3-D	plots	of	cloud	volumes	whose	
voxel	sides	are	plotted	with	MATLAB	built-in	function	“patch”.	
• MISRreconEllip_PrepareCastingRayVA.m	is	the	function	code	for	creating	variables	for	the	
ray	starting	points	and	the	ray	vectors	during	the	reconstruction.		
It	takes	as	inputs	a	scalar	of	WGS84	ellipsoid	equatorial	radius,	a	scalar	of	the	
polar	radius,	a	two-entry	array	of	the	block	image	pixel	numbers,	two	3-D	arrays	of	
GeoLatitude	and	GeoLongitude	values	same	for	all	nine	view	angles,	and	two	3-D	arrays	
of	viewing	zenith	and	azimuth	for	all	view	angles.		
It	returns	three	3-D	arrays	of	Cartesian	x-,	y-,	and	z-coordinates	of	the	pixels	
same	for	all	view	angles,	and	three	3-D	arrays	of	Cartesian	x-,	y-,	and	z-vectors	of	the	
viewing	angles	for	the	pixels	at	all	view	angles.		
• MISRreconEllip_DTH_RetrieveValidPts.m	is	the	function	code	for	retrieving	from	the	
variables	of	the	ray	starting	points	and	the	ray	vectors	the	valid	pixels	for	reconstruction	ray	
casting.		
It	takes	as	inputs	a	3-D	array	of	the	variable	corresponding	to	the	binary	cloud	
masks	for	all	nine	view	angles,	three	3-D	arrays	of	Cartesian	x-,	y-,	and	z-coordinates	of	
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the	pixels	same	for	all	view	angles,	and	three	3-D	arrays	of	Cartesian	x-,	y-,	and	z-vectors	
of	the	viewing	angles	for	the	pixels	at	all	view	angles.		
It	returns	three	nine-entry	cell	arrays	each	of	whose	entries	contains	1-D	array	of	
Cartesian	x-,	y-,	or	z-coordinates	of	only	the	pixels	valid	for	reconstruction	ray	casting,	
and	three	nine-entry	cell	arrays	each	of	whose	entries	contains	1-D	array	of	Cartesian	x-,	
y-,	or	z-vectors	of	the	viewing	angles	for	only	the	pixels	valid	for	reconstruction	ray	
casting.	
• MISRreconEllip_DTH_RetrieveValidPts_forColumn.m	is	the	function	code	for	retrieving	
from	the	variables	of	the	ray	starting	points	and	the	ray	vectors	the	valid	pixels	for	
reconstruction	ray	casting.	This	function	retrieves	the	valid	pixels	for	the	vertical	column	
above	the	input	SOM	X	and	SOM	Y	indices	in	a	loop.		
It	takes	as	inputs	a	scalar	for	SOM	X	index,	a	scalar	from	SOM	Y	index,	two	
scalars	for	the	extension	pixel	numbers	in	SOM	X	and	SOM	Y	from	the	cropped	region	to	
the	ray	casting	domain,	a	3-D	array	of	the	variable	corresponding	to	the	binary	cloud	
masks	for	all	nine	view	angles,	three	3-D	arrays	of	Cartesian	x-,	y-,	and	z-coordinates	of	
the	pixels	same	for	all	view	angles,	and	three	3-D	arrays	of	Cartesian	x-,	y-,	and	z-vectors	
of	the	viewing	angles	for	the	pixels	at	all	view	angles.		
It	returns	three	nine-entry	cell	arrays	each	of	whose	entries	contains	1-D	array	of	
Cartesian	x-,	y-,	or	z-coordinates	of	only	the	pixels	valid	for	reconstruction	ray	casting	
around	the	input	column,	and	three	nine-entry	cell	arrays	each	of	whose	entries	
contains	1-D	array	of	Cartesian	x-,	y-,	or	z-vectors	of	the	viewing	angles	for	only	the	
pixels	valid	for	reconstruction	ray	casting	around	the	input	column.	
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• MISRreconEllip_FindBestFit.m	is	the	function	code	for	calculating	the	coefficients	for	the	
best	fit	equation	used	in	the	polynomial	interpolation	of	the	input	GeoLatitude	or	
GeoLongitude	variable.		
It	takes	as	inputs	a	2-D	array	of	either	GeoLatitude	or	GeoLongitude	values,	two	
2-D	arrays	of	SOM	X	and	SOM	Y	grid	values	corresponding	to	the	input	GeoLocation	
variable,	and	a	two-entry	array	of	the	block	image	pixel	numbers.		
It	returns	a	six-entry	array	of	the	constants	for	the	best	fit	equation	in	the	
polynomial	interpolation.			
• MISRreconEllip_ExtendCastingRayStartPts.m	is	the	function	code	for	expanding	the	
variables	for	the	ray	starting	points	to	match	the	dimensions	of	the	ray	casting	variables,	
and	then	for	converting	them	to	Cartesian	coordinates.		
It	takes	as	inputs	a	scalar	of	WGS84	ellipsoid	equatorial	radius,	a	scalar	of	the	
polar	radius,	a	three-entry	array	of	the	reconstruction	cloud	volume’s	voxel	numbers,	a	
scalar	of	the	number	of	rays	in	one	dimension	per	pixel,	a	two-entry	array	of	the	block	
image	pixel	numbers,	and	two	2-D	arrays	of	interpolated	GeoLatitude	and	GeoLongitude	
values	for	the	ray	starting	points.			
It	returns	three	2-D	arrays	of	Cartesian	coordinates	of	the	extended	ray	starting	
points.		
• MISRreconEllip_	ExtendCastingRayVA.m	is	the	function	code	for	expanding	the	variables	
for	the	ray	vectors	to	match	the	dimenions	of	the	ray	casting	variables.		
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It	takes	as	inputs	a	two-entry	array	of	the	block	image	pixel	numbers,	a	scalar	of	
the	pixel	division	factor,	a	scalar	of	the	number	of	cast	rays	in	one	dimension	per	pixel,	
and	three	3-D	arrays	of	the	viewing	angle	vectors	in	Cartesian	coordinates.		
It	returns	three	3-D	arrays	of	the	viewing	angle	vectors	with	extended	
dimensions.			
• MISRreconEllip_	ExtendValidRayCastingPositions.m	is	the	function	code	for	expanding	the	
variable	for	valid	ray	casting	positions	to	match	the	dimensions	of	the	ray	casting	variables.		
It	takes	as	inputs	a	two-entry	array	of	the	block	image	pixel	numbers,	a	three-
entry	array	of	the	reconstructed	cloud	volume	voxel	numbers,	a	scalar	of	the	pixel	
division	factor,	a	scalar	of	the	number	of	cast	rays	in	one	dimension	per	pixel,	and	a	3-D	
array	of	the	variable	corresponding	to	the	binary	cloud	masks	for	all	nine	view	angles.		
It	returns	a	3-D	array	of	the	variable	corresponding	to	the	binary	cloud	masks	for	
all	nine	view	angles,	with	extended	dimensions.	
• MISRreconEllip_	FindIntersections_1234.m	is	the	function	code	for	finding	the	intersection	
points	between	the	voxel	boundary	planes	and	the	cast	rays.	This	function	specifically	
concerns	finding	the	intersections	at	view	angles	DF	to	DA.	For	functions	concerning	other	
view	angles,	see	the	comments	in	the	code.		
It	takes	as	inputs	a	three-entry	array	of	reconstruction	cloud	volume	voxel	
number,	a	3-D	array	of	the	binary	cloud	masks	with	extended	dimensions,	three	2-D	
arrays	of	the	Cartesian	coordinates	of	the	ray	starting	points	with	extended	dimensions,	
three	3-D	arrays	of	the	ray	vectors	in	Cartesian	coordinates	with	extended	dimensions,	
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and	three	2-D	arrays	of	coefficients	for	the	equations	of	the	voxel	boundary	planes	
perpendicular	to	SOM	X	and	SOM	Y	axes	and	the	altitudinal	ellipsoids.		
It	returns	three	2-D	cell	arrays	for	the	designated	four	view	angles	each	of	whose	
entries	contains	a	1-D	array	of	the	x-,	y-,	or	z-coordinates	of	the	intersection	points	with	
voxel	boundary	planes	perpendicular	to	SOM	X	axis,	three	2-D	cell	arrays	same	as	
previously	described	but	with	voxel	boundary	planes	perpendicular	to	SOM	Y	axis,	and	
three	2-D	cell	arrays	same	as	previous	described	but	with	altitudinal	ellipsoids.		
• MISRreconEllip_	FindIntersections_CTH.m	is	the	function	code	for	finding	the	intersection	
points	between	the	voxel	boundary	planes	and	the	cast	rays	at	the	view	angle	AN	with	the	
cloud	top	height	applied.		
It	takes	as	inputs	a	2-D	array	of	cloud	top	height,	a	scalar	of	the	altitudinal	voxel	
length,	a	two-entry	array	of	input	cloud	top	height’s	pixel	number,	a	scalar	of	the	pixel	
division	factor,	a	scalar	of	the	number	of	rays	in	one	dimension	per	pixel,	a	three-entry	
array	of	reconstruction	cloud	volume’s	voxel	number,	a	3-D	array	of	the	binary	cloud	
masks	with	extended	dimensions,	three	2-D	arrays	of	the	Cartesian	coordinates	of	the	
ray	starting	points	with	extended	dimensions,	three	3-D	arrays	of	the	ray	vectors	in	
Cartesian	coordinates	with	extended	dimensions,	and	three	2-D	arrays	of	coefficients	
for	the	equations	of	the	voxel	boundary	planes	perpendicular	to	SOM	X	and	SOM	Y	axes	
and	the	altitudinal	ellipsoids.		
It	returns	three	1-D	cell	arrays	each	of	whose	entries	contains	a	1-D	array	of	the	
x-,	y-,	or	z-coordinates	of	the	intersection	points	with	voxel	boundary	planes	
perpendicular	to	SOM	X	axis,	three	1-D	cell	arrays	same	as	previously	described	but	with	
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voxel	boundary	planes	perpendicular	to	SOM	Y	axis,	and	three	1-D	cell	arrays	same	as	
previous	described	but	with	altitudinal	ellipsoids.		
• AssumptionVerification.m	is	the	script	code	for	calculating	the	errors	incurred	due	to	some	
assumptions	made	in	the	project.	It	investigates	two	assumptions	explained	in	Section	2.4.	
The	first	is	the	assumption	of	using	the	line	extending	from	the	origin	to	the	pixel	on	the	
ellipsoidal	surface	and	beyond	as	the	altitudinal	axis	for	the	voxels	above	the	pixel.	The	
second	is	the	difference	between	the	ellipsoidal	reconstruction	and	the	plane-ground	
assumption.	
• MISRThesisImages.m	is	the	script	code	for	displaying	and	saving	a	variety	of	images	shown	
in	Chapters	2	and	3.	For	details,	see	the	comments	in	the	code.			
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Appendix	B.	MATLAB	Codes	
This	appendix	provides	access	to	the	MATLAB	codes	explained	in	Appendix	A.		
• ByungsukLee_MS_ATMS_Thesis_MATLAB_CodeFiles.zip	
	
